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Abstract 
Previous studies have suggested an association between being breastfed and later cholesterol levels. We 
investigated whether duration of total and exclusive breastfeeding were related to circulating total, HDL 
and LDL cholesterol and triglyceride measures at age 50, and whether such associations differ between 
men and women. Members of the Newcastle Thousand Families Study were followed from birth in 1947. 
Men (n=179) and 226 women (n=226) with blood cholesterol and triglyceride measures at age 50 and 
with prospectively recorded duration of both total and exclusive breastfeeding were included. 
Neither total duration nor duration of exclusive breastfeeding were associated with the outcome measures 
when analysing both sexes together. However, in sex specific analyses significant associations between 
duration of exclusive breastfeeding and both total and LDL cholesterol (adjusted regression coefficient  
(r) per 30 days = 0.12mmol/l (95% CI 0.04-0.20) p=0.004 for total cholesterol and adjusted r per 30 days 
= 0.10mmol/l (95% CI 0.02-0.18) p=0.016 for LDL cholesterol) were seen for women with no significant 
associations observed in men.  Significant interactions between duration of exclusive breastfeeding and 
sex were seen for total and LDL cholesterol (p=0.02 and p=0.03 respectively) with a near-significant 
interaction for HDL cholesterol (p=0.06). In all cases, greater increases in cholesterol with increasing 
duration of exclusive breastfeeding were seen for women than for men. In conclusion, the association 
between breastfeeding and adult cholesterol levels differs between men and women and in women 
remains a significant association even after adjustment for potential confounders. However, our findings 
may not reflect the situation in younger generations. 
 
Keywords: breastfeeding, cholesterol, sex differences, cohort studies
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Introduction 
Coronary heart disease remains one of the major causes of premature mortality in the developed world. It 
is established that high levels of total and low-density lipoprotein (LDL) cholesterol in adulthood are 
strongly associated with an increased risk of coronary heart disease (CHD), through their role in 
promoting atherosclerosis. In contrast, high levels of high-density lipoprotein (HDL) cholesterol is 
associated with a reduced risk of CHD. High triglyceride levels are also associated with a raised risk of 
CHD, independent of HDL cholesterol levels which tend to be inversely associated with triglyceride 
levels.1 It is also clear that total and LDL cholesterol and triglyceride levels can be reduced by 
modifications to diet and levels of physical activity, which although generally measured cross-sectionally 
in adulthood are likely to have their antecedents in earlier life. Levels of triglycerides and HDL 
cholesterol may also be improved by moderate alcohol consumption.2 
 
A large number of epidemiological studies have suggested an association between birth weight and 
growth in early life and the risk of adverse health outcomes such as cardiovascular disease and diabetes in 
later life,3 although the extent to which early life factors explain variations in risk varies between studies 
and leaves much heterogeneity in risk unexplained.4-7 It has also been proposed that lipid metabolism is 
‘programmed’ by factors, such as birth weight and infant feeding, that operate very early in life. In 
particular, a number of studies have suggested that prolonged breastfeeding is associated with decreased 
levels cholesterol in adulthood.8 In contrast, in a smaller number of studies, being breastfed has also been 
associated with slight increases in later levels of both LDL 9-10 and HDL cholesterol.11 However, not all 
previous studies have been able to assess the influence of exclusive breastfeeding and very few have been 
able to investigate duration of exclusive breastfeeding, particularly as prospectively recorded data in such 
detail on infant feeding are rare. 
 
The aim of this study was to assess the potential relationships between prospectively collected data on 
duration of breastfeeding (both exclusively and in total) and blood cholesterol and triglyceride levels 
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using data from the Newcastle Thousand Families Study. In addition, we also aimed to investigate sex 
differences in this association as lifecourse influences on adult health have previously been shown to 
differ by sex for this cohort.4-7  
 
Materials and Methods 
Study participants 
The Newcastle Thousand Families cohort consists of all 1142 children born in May and June 1947 to 
mothers resident within the city of Newcastle upon Tyne in northern England.12 Two thirds of these 
children were followed up until the age of 15 years, with detailed information collected prospectively on 
their health, growth and socio-economic circumstances.  Participants in this investigation were cohort 
members who either contacted the study team in response to media publicity or were traced through the 
National Health Service Central Register during the 1990’s. Between October 1996 and December 1998 
self completion questionnaires on health and lifestyle were sent out and members invited to attend for 
clinical examination. The study members attending the clinical examination have previously been shown 
not to differ significantly (p>0.05) from the members of the original cohort not attending, in terms of 
early life factors. 13 
 
 
Measurement of early life experience 
Information on a number of factors, including infant feeding, social class and adverse housing conditions 
were recorded prospectively for all members of the original study and abstracted from the archived data. 
Duration of exclusive breastfeeding, collected prospectively by health visitors (public health nurses with 
special expertise in early years), was defined as the duration a child was breastfed, up to the introduction 
of either bottled formula milk or mixed feeding. A binary term to denote whether an individual was 
exclusively breastfed for more than three months was also created. Socioeconomic status at birth (I, 
 5
assumed to be the most advantaged, II, III, IV and V, assumed to be the least advantaged) was measured 
by paternal occupational social class.  
 
 
Clinical assessments of outcomes and adult height and weight at age 49-51 years 
Assessments were performed in the morning following an overnight fast. Height and weight were 
measured and body mass index (BMI) was calculated. The main outcome measures in this study were 
total, HDL and LDL cholesterol, the LDL:HDL ratio and triglyceride levels. Total cholesterol was 
measured using a cholesterol oxidase/peroxidise method with calibrants traceable to the Centres for 
Disease Control definitive method. Serum HDL cholesterol was measured using a cholesterol oxidase 
method after precipitation of apolipoprotein B containing lipoproteins with phosphotungstic acid and 
magnesium chloride (interassay coefficient of variation 2.2%). LDL cholesterol levels were derived by 
the Friedewald method 14 and the LDL:HDL ratio was calculated. Triglyceride concentrations, excluding 
glycerol, were estimated by a lipase-glycerol kinase method and high density lipoprotein cholesterol by 
measuring the supernatant cholesterol concentration after precipitation of apolipoprotein B-containing 
lipoproteins with heparin and manganese. All the lipid analyses were performed on a DAX analyser 
(Bayer, Basingstoke).  
 
Measurement of adult socioeconomic position and lifestyle 
For each study participant, occupational social class of the main wage earner in the household and 
information on diet, smoking and physical activity were derived from the self-completion questionnaire at 
age 49-51. Participants reported whether they were current, former or never smokers. The number of pack 
years of cigarettes smoked (one pack year = one pack of cigarettes smoked per day for one year) was 
estimated from the study members’ smoking habits at ages 15, 25, 35 and 50, as ascertained at age 49-51 
years. Cross-sectional data on total dietary saturated fat at age 49-51 years were estimated from responses 
to the European Prospective Investigation of Causes and Nutrition (EPIC) food frequency questionnaire.15 
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Physical activity assessment at age 49-51 years was based on that used in the Medical Research Council’s 
national survey of health and development.16 Light drinking of alcohol, at age 49-51 years, was defined as 
up to five units of alcohol per week for women (10 units for men) and moderate drinking up to 21 units 
for women and 28 units for men.17 
 
Ethical approval for the study was obtained from the appropriate local research ethics committees 
 
Statistical analysis 
Sex differences in continuous data were assessed using the Wilcoxon rank sum test. Similarly 
associations between the outcome variables and whether ever breastfed, or whether exclusively breastfed 
for three months or more, were also assessed in this way. Sex differences in categorical variables were 
assessed using chi-square tests. Linear regression was used to describe the relationship between total, 
HDL and LDL cholesterol, triglycerides and the LDL:HDL ratio and duration of both exclusive and non-
exclusive breastfeeding. Social class at birth and at age 49-51 and physical activity were modelled as 
categorical variables, all others as continuous. Regression coefficients (r) and corresponding 95% 
confidence intervals are reported for trend with duration of exclusive or non-exclusive breastfeeding 
measured per 30 days. Potential interactions between sex and breastfeeding variables were tested within 
the regression models.  
Results 
Of the original 1142 cohort members, 832 were traced (89% of the surviving sample of 932 children 
whose families remained in Newcastle for at least the first year of the study). Of these, 574 returned a 
self-completion questionnaire and 412 attended for clinical assessment. Six study members with missing 
breastfeeding data were excluded, leaving a sample of 406 individuals (179 males and 226 females). 
There was a significantly greater proportion of women included in the study than men when compared to 
the remainder of the original cohort (p>0.001). Only 12 study members (six male, six female) included in 
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this study were not breastfed at any stage. A significant sex difference (with a higher median for females) 
was seen for HDL cholesterol, while lower median values in females were seen with significant sex 
differences for LDL cholesterol, the LDL:HDL ratio, triglycerides, BMI and total dietary saturated fat 
intake (table 1). No associations were found between sex and categorical variables (table 2). 
[Table 1 here] 
[Table 2 here] 
 
There was no significant difference in any of the outcome measures between those never and ever 
breastfed. When modelling duration of breastfeeding as a continuous term, neither total duration or 
duration of exclusive breastfeeding were associated with any of the outcome measures when analysing 
men and women together. However, in sex specific analyses significant unadjusted associations between 
duration of exclusive breastfeeding and both total (r per 30 days = 0.10mmol/l (95% CI 0.02-0.18) 
p=0.013) and LDL cholesterol (r per 30 days = 0.08mmol/l (95% CI 0.003-0.16) p=0.041) were seen for 
women with no significant associations observed in men. No significant associations were seen between 
HDL cholesterol, the LDL:HDL ratio or triglycerides and duration of exclusive breastfeeding either 
overall or in sex-specific analyses.  
 
In the fully adjusted models, i.e. including all other covariates, both significant associations remained and 
were stronger in terms of statistical significance (r per 30 days = 0.12mmol/l (95% CI 0.04-0.20) p=0.004 
for total cholesterol and r per 30 days = 0.10mmol/l (95% CI 0.02-0.18) p=0.016 for LDL cholesterol). 
The only other variables to show a significant association with the cholesterol measures in these adjusted 
models were total dietary saturated fat intake at age 50 (r per g = 0.02mmol/l (95% CI 0.005-0.03) 
p=0.006 for total cholesterol and r per g = 0.02mmol/l (95% CI 0.006-0.03) p=0.003 for LDL 
cholesterol) and self-reported alcohol consumption (p for linear trend = 0.04 and 0.01 for total and LDL 
cholesterol respectively). There was no association between either measure of breastfeeding and BMI in 
either unadjusted or adjusted models. 
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Significant interactions between duration of exclusive breastfeeding and sex were seen for both total and 
LDL cholesterol (p=0.02 and p=0.03 respectively) with a near-significant interaction for HDL cholesterol 
(p=0.06). In all cases, greater increases in cholesterol measurements with increasing duration of 
exclusive breastfeeding were seen for women than for men. No significant interactions were seen 
between sex and total duration of breastfeeding for any of the outcome measures (p>0.1). 
 
There was no significant difference in cholesterol measures between those exclusively breastfed for three 
months or more and those not (p=0.91 for total cholesterol and p=0.76 for LDL when both sexes 
combined, p=0.21 and p=0.34 respectively when restricted to the women in the cohort, although in all 
cases median cholesterol values were higher in those exclusively breastfed for longer). When restricting 
further the previous regression models using continuous terms for duration of breastfeeding to include 
only those breastfed for three months or less, the significant positive associations remained (p=0.02 for 
total cholesterol and p=0.04 for LDL). 
 
Discussion 
This study, using prospectively recorded information, found that increased duration of exclusive 
breastfeeding in infancy was associated with significantly higher levels of total and LDL cholesterol in 
women when breastfeeding was considered as a continuous variable. No association was found for men, 
nor was there a significant difference in cholesterol levels when duration of breastfeeding was 
dichotomised at three months. The only other significant predictors of cholesterol levels at age 49-51 
were self-reported dietary saturated fat intake and self-reported alcohol intake. 
 
Of 1142 men and women recruited at birth in 1947, 407 participated in the study. Our inclusion rate, 50 
years after the study began, of 36% of the original cohort is much greater than that reported in a number 
of similar studies investigating the effects of early life factors on health later in life. Factors affecting the 
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characteristics of subjects attending for further studies often act as confounding influences in analysis of 
longitudinal studies. We have previously confirmed the data presented on the study members included 
were representative of the original cohort in terms of early life factors,13 suggesting that selection bias is 
not an obvious explanation for our results. In addition, inclusion of cohort members who had moved out 
of the study region (18% of those who participated in the health check were resident outside the Northern 
Region) increased the representativeness of the population studied.  
 
Our findings of slightly raised cholesterol levels with increased duration of breastfeeding are consistent 
with studies of the Hertfordshire 9 and Caerphilly10 cohorts, but are in contrast to a number of studies 
suggesting lower cholesterol levels in adulthood among those breastfed.8 While slight increases in HDL 
cholesterol with increasing duration of breastfeeding have also been suggested,11 our data showed no 
association  with HDL. However, not all studies of breastfeeding on cholesterol outcome measures have 
used prospectively recorded data and few have had data available on duration of exclusive breastfeeding. 
The positive association remained when restricting the analysis to include only those breastfed for three 
months or less, suggesting that it was not overly influenced by very long durations of exclusive 
breastfeeding. These findings were independent of a number of potential confounders that were included 
within this study, including smoking, dietary intake of saturated fat and socioeconomic status both in 
early  and adult life. It is however possible that unmeasured confounding may have played a role in our 
findings, though this is likely to be a small effect. While there is little doubt that breastfeeding is 
associated with a range of positive health effects, little is known as to an optimum duration, either in total 
or in terms of exclusive breastfeeding in the context of  lifetime outcomes. In particular, alongside reports 
of protective effects of breastfeeding against a number of adult health outcomes, there have also been a 
small number of reports suggesting long-term disadvantage in terms of arterial stiffness associated with 
increased duration of breastfeeding.18 However, as our findings remained when only considering the first 
three months of life, it is doubtful that our findings are due to exceeding such an optimum duration. 
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Nearly all of the participants in this study were breastfed for at least a short time, with little in the way of 
socio-economic variation in breastfeeding rates, unsurprising given that the UK was still in the midst of 
food rationing while these individuals were infants. Further, when exclusive breastfeeding stopped some 
or all of the feeding would have switched to infant formula, the nutritional content of which would have 
been very different to that given to present day infants.  
 
A randomised trial of breast milk against preterm formula in adolescents born preterm found that 
increased intake of breast milk during infancy was associated with lower ratios of LDL:HDL cholesterol.  
19
 In our study, coefficients of effect were close to zero and non-significant for analyses of associations 
between the LDL:HDL ratio and both total duration and total exclusive duration of breastfeeding. 
 
The women in this study were likely to be peri-menopausal; only a small number had early menopause. 
Hence, we were unable to examine the impact of menopausal status on cholesterol and the contribution of 
this to our findings. Cholesterol levels are known to rise with onset of menopause,20 and it has been 
suggested that women who had been breastfed have later menopause.21 While this would have been a 
potential explanation for an inverse association between duration of breastfeeding and cholesterol levels, 
it would not appear to be a likely explanation for the sex differences seen in this study. Previous research 
using this cohort has found duration of breastfeeding to be negatively associated with HOMA insulin 
resistance in men, but not in women7 and to be associated with reduced seroprevalence of Helicobacter 
pylori in men, but not in women.22  
 
Our findings for dietary saturated fat intake are consistent with previous research that has shown dietary 
fat intake to be the main determinant of adult cholesterol levels.23 Similarly, our finding of an inverse 
association between alcohol consumption and LDL cholesterol is consistent with previous research.24 The 
associations between breastfeeding and cholesterol measures remained after adjustment for these factors. 
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Stark sex differences in developmental programming, as observed in this study, have been documented in 
a number of other studies. 25 These may be attributed to a variety of factors including the sex-specific 
responses to developmental stressors or the physiological and hormonal responses to the developmentally 
programmed state. At a cellular level, nutritional exposures, including breastfeeding, may plausibly 
‘mark’ the genome epigenetically leading to a sex-specific trajectory of gene expression. The 
evolutionary function of such sexual dimorphism in relation to the response to breastfeeding remains 
more challenging to postulate, given the association between elevated cholesterol levels and 
cardiovascular disease risk. 
 
Given the previous contrasting findings for the association between duration of breastfeeding and later 
cholesterol levels and the interpretation issues raised by this study, our findings should be treated with 
caution and we acknowledge that this may not represent the situation in younger generations. Further 
research is required, preferably using prospectively recorded data on duration of exclusive breastfeeding 
in infancy. In addition to the postulated effects on cholesterol, breastfeeding is known to have numerous 
health benefits, particularly in terms of child development, with suggestions of both short and long-term 
protection against infection22, 26 and allergic disease.27 
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Table 1. Summary of cholesterol and breastfeeding data, by sex 
 All 
(n=406) 
 Males 
(n=179) 
 Females 
(n=227) 
 P-value for sex 
difference 
 Median IQR Median IQR Median IQR  
Total cholesterol 
(mmol/l) 
5.13 4.28-5.93 5.29 4.41-6.13 4.96 4.23-5.81 0.09 
HDL cholesterol 
(mmol/l) 
1.06 0.83-1.30 1.00 0.79-1.19 1.16 0.87-1.40 <0.0001 
LDL cholesterol 
(mmol/l) 
3.71 2.90-4.60 3.91 3.15-4.80 3.57 2.89-4.45 0.02 
LDL:HDL Ratio 3.62 2.42-4.95 4.15 2.96-5.50 3.30 2.26-4.46 <0.0001 
Triglyceride 
(mmol/l) 
0.975 0.68-1.54 1.2 0.79-1.87 0.86 0.62-1.29 <0.0001 
        
Duration of total 
breastfeeding 
(days) 
62 23-217 62 28-217 62 21-219 0.63 
Duration of 
exclusive 
breastfeeding 
(days) 
41 14-109 35 14-101 44 14-119 0.30 
BMI 26.1 23.2-29.3 26.8 24.4-29.5 25.2 22.5-29.2 0.008 
Total dietary 
saturated fat intake 
at age 50 (g) 
26.2 19.7-35.7 29.5 22.8-39.1 24.0 17.8-30.0 <0.0001 
 16 
IQR – Inter Quartile Range 
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Table 2. Summary of categorical data, by sex 
 All (n=406) Males (n=179) Females (n=226) P-value for sex difference 
 N (%) N (%) N (%)  
Social class 
at birth 
   0.47 
I &II 43 (9.4) 22 (12) 21 (9.3)  
IIIn & IIIm 245 (60) 101 (56) 144 (63)  
IV, V & 
others 
118 (29) 56 (31) 62 (27)  
Social class 
at age 50 
   0.20 
I &II 196 (48) 84 (47) 112 (49)  
IIIn & IIIm 135 (33) 67 (37) 68 (30)  
IV, V & 
others 
75 (18) 28 (16) 47 (21)  
Current 
smoker 
   0.38 
Yes 111 (27) 45 (25) 66 (29)  
No 295 (73) 134 (75) 161 (71)  
Physical 
activity 
group 
   0.44 
Least active 248 (61) 115 (64) 133 (59)  
Intermediate 93 (23) 36 (20) 57 (25)  
Most active 65 (16) 28 (16) 37 (16)  
 
